Many articles have reported that the white lines painted on both sides of highways are used by automatically driven vehicles to control their lateral movement when driving. They are detected by stereo cameras or radars. And GPS is used as an additional information for improving its robustness and reliability. However, when we think about an urban area, the stereo cameras and radars cannot recognize any white lines because white lines do not exist at intersection. Therefore, a method for controlling a vehicle without environmental recognition becomes necessary. In our method, the steering angle is controlled by using simple map information comprising nodes and links of roads, which are widely used in navigation systems, and the data of the vehicle's position, which is obtained continuously. In addition, by using two front gaze points to solve the problem associated with one front gaze point, we propose a method that allows a vehicle to steer smoothly when turning at intersection. We performed an experiment using an actual vehicle under the same conditions as those used in the simulation. The results confirmed the validity of our proposed method because the target steering angles at each corner and the driving trajectory of the actual vehicle were almost the same as those obtained using the simulation.
緒 言 高速道路における自動運転技術には車両の横制御として白線認識によるものが多く報告されている(魚住， 菅沼，
A clothoid curve is a type of transition curve, and it is applied to the road's configuration of highways. Clothiod curves have three section: one where the curvature is increasing (section 1), one where the curvature is constant (section 2) and one where the curvature is decreasing (section 3). The time spent in each section is T, and these are shown in figure 1. Clothiod curve has discontinuities at the border of the three sections; in addition, it is difficult to handle. From this reason, the curvature of the clothoid curve is approximated using a sine curve to ensure its continuity.
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Clothoid Approximated using sine curve Figure 2 shows the vehicle trajectory depends on T. The path changes from green to red and eventually to a blue line as the T increases; if the T is too low, the vehicle turns too early, and if it is too high, the vehicle turns too late. The T required to follow the target link is Topt. l is the distance from the start point of the clothoid curve to the next target node.
The relationship between l and Topt is linear, as shown on the left-hand side of figure 3. The coefficient Tgain of the formula shown in the figure represents the gradient of the graph, and it is a constant value that is determined by the angle of a corner; this variable is not affected by a vehicle's speed. Therefore, Topt is determined from road's configuration, and target yaw rate can be obtained. Fig. 4 When l is too large, the vehicle deviates from the road.  is the shortest distance from corner of the road to the driving path. On the right-hand side of figure 4 shows the relationship between l and . If  is negative value, then the vehicle will deviate from the driving path. So  must be set longer than the width of the vehicle. Then l is determined by . Fig. 6 The left-hand side of figure 6 shows the target steering angle  * (t), which is calculated using Eq. (4). The right-hand side, meanwhile, shows two angles, 1(t) and 2(t), which are described in figure 5 . When calculating the gain a1 and a2, the target steering angle  * (t) is substituted into the left-hand side of Eq. (6), and the angles 1(t) and 2(t) are substituted into the right-hand side of the same equation. Then, we calculate by using least squares method to satisfy Eq. (7). Fig. 7 Gains a1 and a2 are shown for each tested corner angle. The corner angle is in the range of 0-90°, and the value of the gain is almost the same. Thus, vehicle can generate the optimal steering angle with one set of gains a1 and a2. Fig. 8 The left-hand side of figure 8 shows the trajectory result of simulation, whereas the right-hand side shows the target steering angle as a blue dashed line and the simulation result as a red line. It is confirmed that the steering angle was mostly consistent with the target steering angle by control according to the vehicle's position, and there was neither an overshoot nor a steady-state error. Figure 11 shows the simulation result with only one front gaze point was used. The left-hand side of figure 11 shows the trajectory result of the simulation, whereas the right-hand side shows the target steering angle as a blue dashed line, the simulation result when one front gaze point was used as a red line and the simulation result when two front gaze points were used as a green line. There is both an overshoot and a shortcut; this is because the vehicle started turning too early and returning side in steering is gradual. Figure 12 shows the steering angle with one front gaze point (on the left-hand side) and two front gaze points (on the right-hand side). The red line represents the angle 1 multiplied by the gain a1, the blue line represents the angle 2 multiplied by the gain a2 and the green line represents the steering angle. It shows the time of increasing side in steering is shorter, and returning side in steering is longer when one front gaze point was used. On the other hand, the time of increasing side and returning side are almost equal when two front gaze points were used. 
